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Protoglas&3. 
In botatical usage a psotoplast is the living content of a I=s?J., Q5ng 

within the kd.gid cell wall. Attention was focnssed on ba3tsrM. protop,e?s+~ 
in 195;"7 f;g YeZbn?Ll" 0 dC$!bf!?tFa?ti.on th?t tlx? pQtr?pb St9 OP f'i ~?.~.3.~~~~ yyf? pj??*W~ : i' " 
could be released whan the out&r wall gas dissolved by Iysozp:~, 'Ehz pa~~to-, 
plasts appeared a8 sphetical bodies which could be maintained only fn a hyper- 
tonic protectd.ve medfum, and promptly lysed when transferred to water, These 
two criteria, sph;erlical shape and osmotic fragility, are the easiest to dis- 
tinguish bacterial protoplasts from intact oelfs, 3Cn gram-positive (but not 
gram-nagat%vej ticteria, moreover, the cell wall is readily demonstrated by 
simple stainingprocedums, 

Tb& protoplasts of 2% megaterium haare already been the subject of several 
important studfes-4rected on one hand to the misafng functions of the ceU 
wall, on the other to the us3 af protoplasts as easily disrupted and extractod 
bfosynthetic tits. Them3 results feogo Spiegelman ati Lzmdman 1995) stzbm- 
lated the hopa of comparable experiments with E. COPZT. a) for the usa of 
afreadyuel&-studied enzymatic mutants, phage, etc., in physiologioaf studS.ss, 
and bj to test for the uptake of DNA (as genetic fragments) by the waXM.oss 
protoplasts, 

Early In 1956, several investigators became interested in this problem 
(Repaske and collaborators at Indiana; 23.x&w at Rockefeller Institute) and 
succeeded in finding special conditions ruder which lysozymo would dfssoXv? 
the existing #am of 8, co15 ceIl.Xs, Shultinsously, in thfs laboratoEJrt, 
penicillin was fouzzd to inhibkt wall. formation in growing cells, It bad 'Long 
been known that peniciI.Un lysed growing cells; by analogy with Nxibull*s 
xwnibts it was found that in a growth medium containing H/3 SUCFOSB and 
l-l/f0 Big%', this %ysis was averted, and the cells~transfo~ed instead 2nto 
sphericalt, osmotically frag%I.e ~p~otoplast~~ (Lederbarg, X9$6), Theo o"o- 
servation aI30 furnished clear evidence that the ant%bSot&z a&Ion of penM.l_lrin 
depetied on wal&&.M.bitionz the protoplasts would remain viable oily 80 long 
as they were suspended in the protective med%nm, and rapidly lysed (and of 
course died) when dijluted in ordinary modivm, On the other hand, lf th3 peni- 
cilkinwas removed, the protoplasts gradually reverted to v2abJ.e bacillary 
form, presumably by resynthesfs of the normal. wa& This hypothesis on the 
mode of action of peticillfn 1s in excellant accord with Parkts finding of the ' 
accumGtfsP1 of eel&-wall precursors h 
Lederberg 19!?7$ Park and Strominger 1957 r 

niciU.%n-blocked staphylococef (ctf, 
. 

The synthetfc abilB&s of E, coli protop&& were then studied: they 
were found to continue to grow (Increase in mass and volume) many fold when 
ticabated in penicillin-broth, but without increase in numbers, or mioro- 
scopically detectable proliferation, Hare speciffcally, th8 protoplasts wer3 
also shown to be capable of synthesieing large amounts of an tidncible enayme, 
&galactosfdase (Lederberg 19561, Provocative biosynthetic studies on this 
systew are baing actively pursued by Professor SpiegeXman at the 'tmivsrsity 
of TlUnoia. ' 

Our i&&~t3 have baen concantrated on a) a search for genetic intm- 
actions between protoplasts of different genotypes, or between proto@.a&s 
and extracts, and b) ttpj biology of protoplasts and L-forms, As to tha for~r, 
while compat%ble genotype3 have been found to mate with either parent a ;3roto- 
plast, no new forms of genetic interaction (such as recombinabion bfltwmm I?- 
x F-, or protoplasts andextracts) have beenfomd~so, 



alo 2 
It is dLffPcu%t to ba certain preoiselywhat is new in these findings, 

except the3.r appbication to E, co& Many authors have deser%Md thy 
f0mation of slphorleal Qar,ge bodiesr under th3 Bnf3ence of ,p~~tfc-il‘l.Su 
(see c p'pc"$ yaw=r-- ,,*2,, I &., jy yi~'-1-~&&gy and &AJ&.~y-y~, 7_95$ ;:;;I! $$> .2"":.., 
&T~S~W mPemPts by I>~.~EEc and KLd.e~berger quoted there) ant", ‘I:~&E+ 4m zniqr 
hints (at least) of t&e osmotfc fragzility of th3 L-forms to Bh.Ich the 3i,arge 
bodies are reiatedo The several stud2es on L-forms have, howewr, so far 
lacked a un%fySng principle that might transfer them from obscure morpho~o- 
glcal curiosfties to generally interesting objects for quantitat5ve, 
physiologkal study, The current studies on E. cold, protoplasts suggest 
that the absence of a normal wall, whether by external inhibition or internaX 
genetic defect, accounts for the L-form cycle, 

As already mentionsd, in broth the protoplasts E, coI.5 fail. to divTde, 
and after extensive increase in mass, eventually burst, After some smpirka-li. 
experimentation, th8 conditions for proliferation into S-forms have been 
fonnd. Xn addition to the protective medium alr8ady mentioned, tbae condi- 
tions are 1) a su%tabI.e strain 
ml, 3) One percent agar (Difco f 

2) at least 1,000 units of peniciU3.n uer 
and 4) One percent meat extract (Lomoo), 

Some of these conditiens are quite rigorous, and have no oerta%n explanation 
at present, For exampUp ahUs 100 units of peticf2lin ia qufPR suff3.cLe:o-t 
for the product&on of protaplasts ti broth or agar, 10 times this eoncenei-a- 
Lion 9s required for L-foms, Perhaps the lower coneentratdon does ~0": 
completek~ aboUsh waXLsynthos%.s~ and thXs ia necessary for Lfoa-n devG.~p- 
meld 0 

The transforruations of indivPdua1 cells kve been followed by d3.zec-t 
phase microscopy of agar mLtnresq (xn bPoth, a sti&3 I2u.ster appears uhi& 
&lloons out to form a spherical protoplast)s One or several b3fsters appxr, 
to give e%ther a spher&al or a labulate 'protoplastT, Then, further blisters 
may appear, to generate new lobea, or thin processes develop, the tips of 
which then baUoon out at some distance from the origina body, The connection 
nay later disappear, As a r8sult of these processeat tne csllt develops into 
8 cluster of granules ati spheres of varEous sises, the oft-descri'bed L-ro3ony, 
Zn 2 or three days, the St-color&es may reach a diameter of 2.~3 mm,, 

T&e Gco~on&zs may bs transferred in series by grinding blocks of agar 
3.n broth and p%attig the mInces(, -@hen plated with peniciI.l& they re~~i~ex&e 
new E-colonies; without penlcflUn, only normal bacillary colonies develop 
(8~x1 after LO sar3aZ passages as xF-forms)cr However, the tiabiI.ity of the 
L-colony 1s Very Xow, 
May eonta3n I.03 $0 $ 

veraging onlyapbou% 10 plating units per colo~.lgwhich 
1 visible granul.es and spheresQ 

The requirement for agar 1s a physical one: fPcoI.oniea wU.3. de-v&Lop in 
small blocks of agarr, while protoplasts at the surface or immersed with the 
agar blocks d.n t&e same fln5d medd.um wiXlenlar~ anti explode, E-colo~3.e~ 
uh%ch penetrated to an agar-glass interface formed a conglomerate of large 
and smaXl droplets whkh adhered 5mperfectJ-s to the glass, 

These obserwatiom can be rationaUzed in the foXlow%ng working hyptz- 
thes%r in the absence of the nomalwaU., the p~o%q&azst assmes a spkerfer;al 
shape %n an fsobarfe medium by virtue of fnterfacial forces, There ia no 
mechadsm by which it can dftide its mass0 It has a flu&d or a~~~~~~ 
consistenoy and, in contact with glass whi.ch it wets to some exte;t$, t,iisj 
balance of interfac%zLL forces breaks %t up isto droplets of vary&~g s%~ze~ EI 
aer, however, the expand3ng protoplast is subject to looalmechanical stresses, 
from the f5briI.s fn which it 3.s emneshsd, and can therefore fI.ou icnto lo&. 
crevices In the ngar, to give blisters or processes0 At these po%nts, there 



TMs interpretation of Gforms is at present a workfng-hypothesis0 
The basic obsemtions are not greatly different from,those of Dienes and 
others war&z& on different species, 2% happm3 th3t:l.R EL coli, the omloti~ 
fragKl&ty of the protoplasts is especially pronounced, amt therefore more 
readily amlyxed, In other bacteria, notra'bsg Skeptobacillus moniliformis 
whose Lfoms cau be cultivated in liquti rnedilzs, %e .may suppose a stronger 
residual wall or anotIaer layer is left, The liquid-culture L-forms of 
Proteus appeap to be instances where the stzuctural ghosts of exploded proto- 
plasts remain as an outer shell to pravsde the framework Zn wMoh stdJ.3. 
dab18 ~E&&J can prold.fer&3 at the @3nter. %3pSrtS on the fi3*trab%k%ty of 
viable elements of L-forms require some efrcumspection: on the one hand, 
mostoftk elements are notdramatf&.lysmallerthan ordinarybacter3.a~ on 
the other9 the fluidity or plastfcity of the L-forms raises some questions 
as to the dimens5ons of the filtrable tits. Insofar 88 these protoptists 
do behave 2s naked globules of baeterfsl tprotoplasmr they may be expee-ked 
to lead to mm moues of exper+5mentation, However, t&e exist$..ng data @.ve 
IXJ basis to doubt that an essentiaf. organisst5oual unit corresponding to 
the content of an Q&act cellI, is still required for the persistent vftabflfty 
of the $3rotoplast%c elements* 

An d.nterestd.ng corroboration of these proposals comes from the behav.Ior 
of a mutant of E, col& (B. Datis) which requires d%am3.nop&nePPc acid (DO), 
Trzis substance had been found to be a unique constituen"i- of the cell walls 
of 8 number of bacterJla. The mutant cells, when depr%ved of DAP in a pro- 
tectfve medium, undergo the same transformations (protop?.asts and L-coIon&x~) 
as described for the effect of penicUX.n. When DAP 3.s restored to these 
fumw, they t&R rtTH?wrt ta the h&wbllary typs. sw%m3r, 88 D2w does not re- 
verse the tjnt9bfotic effect of petici7~in, compounds retits to different as- 
p%cta of cell wall syuthesis, A aysterxtt%c search is tierway for other 
biosynthetic mutants defective in wall formation, 

Tt is st%ll uncertain exactly what reaction is inhibfd by penicgZtkD 
The penioUin-protoptists appear to be lfmited only by a th3.n residual 
membrane3 however, &nd$18c1&.ik preparat%ona sh?pw a pro&.nent but transmrozt 
capsulet immmlog2cal tests are colstmp3Atid to determdne whether th%s 
capsule reprewmts tbs remahs of the old -uall, or the accentuated develop- 
ment of a carbohy&ate (cnpsular, K) antigen, When GC protoplast is lysed %n 
waterJ, it does not freely dPsso1ve~ k&ad, &Ha-ink preparation show a 
large clear ~LXWS~ probably the cell-contents 5.n a gelatd.nous lump, whZeh may 
help account for the 
lysates ~~~~%~~~~n) a 

persistence of p-rot&n- s,ynthetik preparations 5n pWtia1 

(The foregoing observations are be%ng coordinated into a mnuseript .for 
publication in the near future). 



Tk transduetioa of genetic markers for ga1iPctose fermentz&.on hes 
been recounted in previous reports and publishad in dsta91, Bi7iefly~ 
the phage, & oantransmitthe Galmarkers of a Iysogenitc donor bactorzhna 
to a sn~tabXe recipzknt, This reaction can be symbolized dono-x reci- 
p%nt, rn the simplest case3 Gal* wx Gal-4 Gal+, the transduction fs 
dwizcted by tfae occurrence of G&Z.* (galactosa-pos:lt%ve) clor#ls among %I33 
Gal*'recip5ents, Ekrther skdy Snaa shown that an intermediate "hsterogenote' 
often per&ate;, a clone whkh carries tb (exogonote) donor fragment tow 
gether with the Si.itaet recipient chromosomec A later step may be an 
ex;charge between tha exogenats and the chromosome, vizoB Gal" --x GaYLw--) 
Gal4 ex/GaI.~-j&l+, 

Hore intimate atudfes have involved combinations of different Cain 
EUdXiIlti. Thus l-29 (an abbre&ited symbol for Ga%== Gal *) w-x 142- -+ 
L-2+ ex/l+& +%+P, 142-=, l-2+, P-2- and other more co&ex types. Furthe1p 
research Ix-m bees? devoted <I> to the pbysfolo;piM. rel.at%ons of differed% 
mutants (2) to the concomd.%ant behavior of prop&q iu transc9ucMon azd (3) 
the sffects 02 j,mxdiatio~ of thf3 pizkgeu 

a0 Almost all galactoseeegative mtants are closely lir'ad to one 
.an~ther, Their linkztg~ sequence has however not been determtid as pt, 
Ho dufin%to recurrences of mutations at ths same 3..ocus have been It,denti.fied. 
A series of at least 12 distinct loci has been established already, 

b, Kalokar and Kurabashi tat B,H,H,, Ekthesda) hzwe worked out the ensy- 
matic step8 in galactose fePnrentation, according to the following scheme: 

i, Gaslactose + ATPfjGalactcse -1-P + AU' ( lactokkmse) 
2, Gal &=P +@JP GlufalfDP Gal + Glu -1-P. I" transferwe) 

SUW% 
3. tm GEal4+JDP Gjlu (eplanerase) 

Gal + ATP+ Olu -1-P + BDP bs tk? 
Th%n au -l-P-w21 iaetic acid/general @ycolytb pz+thm~, 

They-have also analysed tk enzymatic defects of a number of mu%ntn, 
Group A (Gal 2, Gai 8) lack gal.actokPnase. Group B (Gal 1, Gal ho Ga3. 6, 
Gal 7) 3.acks the transferase, and thus corresponds to the genetfc disease, 
cara~nikl gaIbxAmm2sl, in mm, 
far, (See Kurabashi, K, 

130 ep3merase mutants have been found so 
1957 Enqme fomatfon in galactose-mgative m&z&s 

of &3ch&ehia coli science 125, 13&ll6), 
0, Cert&~bmg%noter, eug.3, 1+2-/l&+ g%va a normal. sifld type, 

gaiactose positive reactian, Bowever, otbsrs, 1+4-/l-t* are gslaetose- 
mgatbe, %.u contrast to l*L+/l-L-, galmtom pooM.-m, That is, Gal I/U 
It form z3 cis-tmns position-effect group, Xu sum, Q3xl.l 
&I, 7 fom cm3 position effect gmnp (or %hstrozF-Benser 3 

Gal. 4, C-al 6, 
, any pair from 

the group iv5.n~ a cd.s-trans posit3.0~effect. Gal 2 and Gal. 8 form a socord 
cistroxl, E ombbtions of a m&ant from orx+ cfstron with om frona t& other 
am galactose positive, Thus, as far as thsse expwfglents go, each cl&mm 
corrwqsor23s to 0333 em3ykm0 

However, ens othsr rrmtttnt, (%I 3. shows positfan-effects with both 
CiPtroneJ Cl It8 emymology is not ymt known, 



Curron% t?Xzor&?s of go:X+onzyEe relationskkps 8rf3 CcXW@F&~ on 3 
linear correspondence be%~son tha 5.nformationa~ content of a pro&An p~o.2 
duct, and of 8 pOlynucleot3.de string in the chromosome, Many expor~~%&s 
are ti 8ccOPd with this s5mple cOrres~OndeuCf3, eogo, ths z?etitjZon.+$hip 
bstween tk group A and B cdstions and the srqmesO For Z;kIs reason3 $2: 
is especklly irapsr2;anPr to az&yze appsront exceptions, ljLgre Gal * to 38s 
whether &Iray suppOrt, or contradict what may bs an oversd.mpH.fJie~ schemec, 



this type, Thb type of segregot%on would be the only rCanglble evidence. foil 
our &rpothesiEt that tb prophage is coupled with Gal *n the exogc~~otio The 
deeper sign5fioanca of th%s hypothesis is the homology between propha@ and 
other sognent!3 of tl3?3 bacterfal chromosome0 

30 Gal4 Lp’ -x Gal- Lp'/ Gal- Lp' ( that is, homogenotic recipients), 
This transduction has not been sufficfently studded, However, they have ;haen 
found to give lysogenic hete~ogenotes, which then segregate to give Lp+, Lprs9 
and Lps progewg 8s zlf they were Gal* Lp+/Gal- Lps/Gal'- Lpso No effort has 
been made to characterize the s3.mpl.e Gal* Lp+ / Gal- Lps which m-t&t ~WSPZQ~ The 
result does, however, give Ma most direct support so 
of Lp+ on tha exogenoteo 

far fas %hc repFesantation 

4* Gal‘+ L h p-x Gal* Lp*, To clrcmvent*& possible pecuaarities of Lp4fLp" 
(i,e, prophage sensPt%ve) eonfrontztfons, we have used tb h (PsbrangqJmutant P 
of lambda furnished by Appleyard, here designated simply as Lp c1 The usual ro- 
salts are, Hoover, pure Zp* or, less often, pure Lpho J&&n, wz would ila-zo to 
find an ad hoc rule agatist propPage segz~gation, Perhaps the first eye& 5~1 
sstablishnent, and a naee3sary on2 fog tbs survival of a heterog~~i1o%e~ is 8 c~rl,2+ 
'over which en3urW3 horn~g~~~s~s fos the Lp Xocus, %n favor of th3.s 5s the cointr:- 
denoe of Lp* and Lp l3 hleter~ganotss %l the3 same pr%??&ry ts%nsductd.oF~l Cl@no, ss 
has been obsemd once or tPaice, ieeOy these would h+z %he com~P~~nt+ary %p"/Lp"'~ 
and Lp*&p* homogsnotes frm the i~%tbl, forb%dden Lp+/sbpse 

so Gal+ Lp+ -4 Gal0 Lpr, The rec%pient here is a haploid, &~XW (defectA.+vo 
prophage) type, not to be confused afth Lprs. 2% re,sults are mostly Lpr, nith 
rare Lp+ hetsrogenotRs, This ilpx therefore, aoalogous to expW%vX& isO Gns QPP 
two types which beh;d.ve as if Lp'/Lp'wero alao isolated, but the fregrog~t%o&. 
coupling of Lp to Gal. was not maAn&&~.~, This is not undarH,ood, 

6, T43p ??enzar (1YSS) has reported thz% Lp+ is killad by certati r natants 
of phage Tfr,, but dms not support tfue3-r growth, wM.2~ Lps suppoats nos;ilal smth 

, 

of T!~rd Th%s stock 2s themfore a &&her test of P lysogenic and i.xmm stocks, Sz~lud%ng Lprsl a& Lp 
rophzqe s~M.on, bll lambda- 
as ~013. as ep+/J&' dfp?.a%ds 

were found to be tM* to T&r IT" 
7. Gal' Lp* Plr3&' -x Gal- Lps PL34*. P434 58 a new tomper&? phage, pzWtly 

homologous with lambda, described by Jacob, It Was used here as an additional 
means of marking the exogenote 2n transdUctione9 A wide var&ty of 2--ogexq+typen 
has issued from this 
with P434* and P43Lso 

transduction, including Lp t Lpr and Lp* 3q varioas co&inzMan~ 

Lp8 P434+, Le., 
The most pertinent 01113~ behaves as a Gal Lp+ P434B/ 631.' 

it Is ssgregat%ng both prophagea, in coupl%ng wBth Gal, Th4.s 
result together with exiper%ment 3, gives strong, but tentat!,~, supp~i; to the 
exogenotic propk23ge ~;othesis, Pbxa *z+qmd.al L!ismnity relc?tionrJhl.~?3 betiaean lzriM.rr 
and P434 may hrr~ something to do with the contrast between -EMS ~zs:2t?~t amd the 
szlmpler exgwlriment & 

Tb complexity of these results awaits a un%fy3.ng generalization, Eqe~tients 
3 and 6 support the uorking hypothesis of prophage segregation; the oth~n are 
equfvocal, At issue is ths conclusion that the prophage 5.s EZX integral part oi 
the ?z&erial chromosome, Its behavior mat be analysed fur&~ to ;:ee ~fs%h~r 
its peculiarities are incidental to a fundamental homology of prop&g,, w!.%: ~~~%zr 
gems, or whether ent2rel.y n3w prfnciples must b3 postu23ted. 
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